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PROBLEM TO BE SOLVED: To reduce the power 
consumption by reducing a circuit scale of a maximum 
ratio synthesis circuit of a multi-path reception signal in 
the direct spread spectrum code division multiplex 
access CDMA communication system. 
SOLUTION: An information symbol block at a head slot 
of a received frame for each path is stored in a memory 
5, a pilot symbol block of a succeeding slot and a known 
pilot symbol from a pilot symbol generating circuit 1 are 
given to a complex multiplier 2, where the symbols are 
subject to conjugate complex multiplication to obtain a 
phase rotation amount of the pilot symbol. Its output is 
averaged by an averaging circuit 3 and an interpolation 
circuit 4 obtains a phase compensation vector. Output 
vectors for each path obtained by applying conjugate 
complex multiplication to the output and an output of a 
memory 5 at a complex multiplier 6 are synthesized by 
an adder 20. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the maximum ratio composition circuit of the multi-pass constituted so that phase 
compensation of the input signal for every multi-pass in a direct spread-spectrum CDMA 
communication mode might be carried out and it might compound with an adder The memory 
which memorizes the information symbol block within the slot constituted in a receiving frame 
for said every multi-pass, The pilot symbol generation circuit which generates the pilot symbol of 
the same phase as the pilot symbol generated by the transmitting side according to receiving 
timing, The 1st complex multiplier which carries out conjugation complex multiplication of the 
pilot symbol of a pilot symbol block of the following receiving slot, and the pilot symbol generated 
in said pilot symbol generation circuit, and calculates the phase rotation of a receiving pilot 
symbol, The equalization circuit which averages the phase rotation of the receiving pilot symbol 
outputted from this 1st complex multiplier, and searches for an average phase rotation vector, 
The compensating network which carries out interpolation interpolation of said average phase 
rotation vector of the pilot symbol block located before and after said information symbol block, 
and searches for a phase compensation vector, It has the 2nd complex multiplier which carries 
out conjugation complex multiplication of each information symbol within the information symbol 
block memorized by this phase compensation vector and said memory, removes the phase 
rotation of each information symbol, and is returned to the phase at the time of transmission. 
The maximum ratio composition circuit of the multi-pass characterized by being constituted so 
that the output of said 2nd complex multiplier for every multi-pass may be compounded with 
said adder. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the maximum ratio composition circuit of the 
multi-pass in a code division multiple access (CDMA:Code Division Multiple Access) 
communication link. Below, the background of the technical field of this invention is explained 
briefly. Multi-pass phasing passes along many paths in which path length will differ by the time 
an electric wave results [ from a transmitter ] in a receiver, and when they are compounded, it 
generates them. Consequently, receiving level is changed without becoming fixed, and it commits 
decreasing an SN ratio or making an error rate increase etc. so that a signal quality may be 
degraded. 

[0002] As this cure against phasing, although diversity techniques (tooth-space diversity, 
frequency diversity, etc.) are used, in the communication mode by the direct spread spectrum, 
the pass diversity which used the multi-pass conversely (effective pass is compounded) is also 
useful. Although there are a gain composite system, such as compounding so that the selection 
composite system which chooses, changes and outputs the high pass of receiving level to the 
receiving level composite system of these two or more pass most, and the signal of each pass 
may be mutually in phase and it may be added, and a maximum ratio composite system 
compounded so that weighting may be performed on receiving level, the signal of each pass may 
be mutually in phase and it may be added, diversity gain has [ among these ] the maximum ratio 
composite system largest [ furthermore, ]. 
[0003] 

[Description of the Prior Art] Drawing 3 is the example Fig. of a configuration of the conventional 
maximum ratio composition circuit, and drawing 4 is an example Fig. of a frame format, drawing 3 
— setting — 1 — a pilot symbol generation circuit and 2 — the first conjugation complex 
multiplier and 3 — an equalization circuit and 4 — for the second conjugation complex multiplier 
and 7, as for the first multiplier and 9, a normalization multiplier calculation circuit and 8 are [ an 
interpolation circuit and 5 / memory and 6 / a multiplier calculation circuit with a pile and 10 ] 
the second multiplier. 11 is an adder and adds the output of the above circuit established in 
every [ two or more ] pass (#1 -#n). The conventional synchronous detection and actuation of 
the maximum ratio composition are explained using drawing 3 below. 

[0004] When the information symbol train (it is called an information symbol block below) 
followed within the slot constituted in the frame shown in drawing 4 receives, an information 
symbol block is memorized by memory 5, and when the single pilot symbol or the continuous 
pilot symbol train (it is called a pilot symbol block below) of degree slot receives, a pilot symbol 
block is inputted into the first conjugation complex multiplier 2. Since the pattern of the pilot 
symbol transmitted in a receiver side is known at this time, the pilot symbol generation circuit 1 
generates and outputs the pilot symbol sequence of the same phase as the time of a pilot 
symbol block being generated by the transmitter, and it carries out conjugation complex 
multiplication to each pilot symbol within a pilot symbol block with the conjugation complex 
multiplier 2. 

[0005] The phase rotation of each pilot symbol within a pilot symbol block is calculated by 
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conjugation complex multiplication, it is equalized further in the equalization circuit 3, and an 
average phase rotation vector is searched for. If the vector of the k-th pilot symbol within 
(Pik+jPqk) and the pilot-in vector of k-th pilot symbol within pilot symbol block symbol block at 
the time of transmission is made into (Uik+jUqk), an average phase rotation vector (Ri+jRq) will 
be searched for by the degree type. 
[0006] 
[Equation 1] 

Ri = (1/N) * S (Uik * P ik + U, k • P«*) 

k- l 

R q = (1/N) • h CU qk • P ifc -U ik • P q O 

Here, N is the number of pilot symbols within a pilot symbol block. 

[0007] Next, an interpolation circuit 4 searches for the phase compensation vector for carrying 
out phase compensation of said information symbol block. If the average phase rotation vector 
before the information symbol block to interpolate is set to (Ri old+jRq old) and the average 
phase rotation vector in back is set to (Ri new+jRq new) when interpolating by the 0th [ an 
average of ] interpolation, a phase compensation vector (Si+jSq) will be searched for by the 
degree type. 
[0008] 

[Equation 2] 2Sq = [ Si = (Ri old+Ri new) / ] (Rq old+Rq new)/2 [0009] The phase compensation 
vector searched for in the interpolation circuit 4 is inputted into the second conjugation complex 
multiplier 6, and phase compensation is carried out by carrying out conjugation complex 
multiplication of each information symbol within the information symbol block memorized by 
memory 5. If the vector of the I— th information symbol is made into (Iil+jlql) among the 
information symbol blocks memorized by memory 5 f the vector (Eil+jEql) of the I— th information 
symbol after phase compensation will be searched for by the degree type. 
[0010] 

[Equation 3] Eil=Iil-Si+Iql-SqEql=Iql-Si-Iil-Sq [0011] However, since the above-mentioned phase 
compensation vector is not normalized by the amplitude 1 , it is computing a normalization 
multiplier in the normalization multiplier calculation circuit 7, and hanging on the information 
symbol after said phase compensation with the first multiplier 8, and maintains the amplitude of 
the information vector after phase compensation at the amplitude at the time of reception. 
Therefore, the vector (Dil+jDql) of the I— th information symbol in the information symbol block 
after normalization is searched for by the degree type. 
[0012] 

[Equation 4] Dil= (Iil-Si+Iql-Sq) /(Si 2+Sq 2) 1/2Dql= (Iql-Si-Iil-Sq) /(Si 2+Sq 2)1/2[0013] Phase 
compensation is carried out, the amplitude is called for in the multiplier calculation circuit 9 with 
a pile, and weighting of the normalized vector is carried out with the amplitude with the second 
multiplier 10. Finally, the vector by which phase compensation was carried out and amplitude 
weighting was carried out to the extent that all the multi-pass waves in 1 symbol came out, 
respectively is added with an adder 1 1 (maximization composition). In the I— th information 
symbol, if the vector after the phase compensation of m pass eye is set to (Dilm+jDqlm), the 
vector (Mil+jMql) of the I— th maximum-ratio-compounded information symbol will be searched for 
by the degree type. 
[0014] 
[Equation 5] 

Mii-jb (Dii m 2 +D Q i m 2 ) 1/2 • Dn« 
M,i=S (DnJ + D,i» 2 )" 2 • D,,» 
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n is numbers of passes to compound here. 

[0015] Thus, it can improve SNR (SNR:Signal Noise Ratio signal-to-noise ratio) while the above- 
mentioned conventional example of the maximum ratio composition circuit carries out phase 
compensation of the multi-pass wave of effective pass #1 - #n for every pass, induces the 
diversity effectiveness by carrying out weighting and compounding with the amplitude and 
controls fluctuation of the receiving power by phasing. 
[0016] 

[Problem(s) to be Solved by the Invention] However, with the configuration of the above- 
mentioned conventional maximum ratio composition circuit, since normalization, the division done 
in the case of weighting, and square root count are required, when processing is complicated, 
there is a fault that power consumption is large, by the increment in the amount of operations. 
Moreover, since there are many counts of multiplication, there is a fault that many multipliers are 
formed and a circuit scale becomes large. 

[0017] The purpose of this invention offers the maximum ratio composition circuit of the multi- 
pass which is small-scale circuitry and can be realized with a low power in order to solve the 
above-mentioned conventional trouble. 
[0018] 

[Means for Solving the Problem] In the maximum ratio composition circuit of the multi-pass 
constituted so that the maximum ratio composition circuit of the multi-pass of this invention 
might carry out phase compensation of the input signal for every multi-pass in a direct spread- 
spectrum CDMA communication mode and it might compound with an adder The memory which 
memorizes the information symbol block within the slot constituted in the receiving frame for 
said every multi-pass, The pilot symbol generation circuit which generates the pilot symbol of 
the same phase as the pilot symbol generated by the transmitting side according to receiving 
timing, The 1st complex multiplier which carries out conjugation complex multiplication of the 
pilot symbol of a pilot symbol block of the following receiving slot, and the pilot symbol generated 
in said pilot symbol generation circuit, and calculates the phase rotation of a receiving pilot 
symbol, The equalization circuit which averages the phase rotation of the receiving pilot symbol 
outputted from this 1st complex multiplier, and searches for an average phase rotation vector, 
The compensating network which carries out interpolation interpolation of said average phase 
rotation vector of the pilot symbol block located before and after said information symbol block, 
and searches for a phase compensation vector, It has the 2nd complex multiplier which carries 
out conjugation complex multiplication of each information symbol within the information symbol 
block memorized by this phase compensation vector and said memory, removes the phase 
rotation of each information symbol, and is returned to the phase at the time of transmission. It 
is characterized by being constituted so that the output of said 2nd complex multiplier for every 
multi-pass may be compounded with said adder. 
[0019] 

[Embodiment of the Invention] The configuration of the maximum ratio composition circuit of this 
invention is shown in drawing 1 . In drawing, 1 is a pilot symbol generation circuit and generates 
the pilot symbol of the same phase as the pilot symbol generated with a transmitter according to 
receiving timing. 2 is the first complex multiplier, carries out conjugation complex multiplication 
of the pilot symbol which received, and the pilot symbol generated in the pilot symbol generation 
circuit 1, and calculates the phase rotation of a receiving pilot symbol. 

[0020] 3 is an equalization circuit, averages the phase rotation of each pilot symbol within a pilot 
symbol block, and searches for an average phase rotation vector. 4 is an interpolation circuit, 
carries out interpolation interpolation of the average phase rotation vector of the pilot symbol 
block located before and after the information symbol block which carries out phase 
compensation, and searches for a phase compensation vector. 5 is memory and memorizes the 
information symbol block which carries out phase compensation. 

[0021] 6 is the second complex multiplier, it carries out conjugation complex multiplication of 
each information symbol within the information symbol block memorized by the phase 
compensation vector searched for in the interpolation circuit 4, and memory 5, removes the 
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phase rotation of each information symbol, and returns it to the phase at the time of 
transmission. 20 is an adder and all adds the vector by which phase compensation was carried 
out by all the multi-pass waves in 1 symbol, respectively. 
[0022] 

[Function] An operation of the maximum ratio composition circuit of this invention is explained 
using drawing 1 . When the information symbol train (it is called an information symbol block 
below) which the first slot followed is received, an information symbol block is memorized by 
memory 5, and when the single pilot symbol or the continuous pilot symbol train (it is called a 
pilot symbol block below) of degree slot is received, a pilot symbol block is inputted into the first 
conjugation complex multiplier 2. Since the pattern of the pilot symbol transmitted in a receiver 
side is known at this time, the pilot symbol generation circuit 1 generates and outputs the pilot 
symbol sequence of the same phase as the time of a pilot symbol block being generated by the 
transmitter, and it carries out conjugation complex multiplication to each pilot symbol within a 
pilot symbol block with the conjugation complex multiplier 2. 

[0023] The phase rotation of each pilot symbol within a pilot symbol block is calculated, it is 
further equalized by conjugation complex multiplication in the equalization circuit 3, and an 
average phase rotation vector is searched for by it. If the vector of the k-th pilot symbol within 
a pilot symbol block is made into (Pik+jPqk) and the vector of the k~th pilot symbol within the 
pilot symbol block at the time of transmission is made into (Uik+jUqk), an average phase rotation 
vector (Rik+jRqk) will be searched for by the degree type. 
[0024] 
[Equation 6] 

R. = (1/N) • h (Ui k • Pi k + U, k • Po) 

H-l 

R q = (1/N) ♦ :£ <U, k • Ptk-Ui* • P, k ) 

Here, N is the number of pilot symbols within a pilot symbol block. 

[0025] Next, an interpolation circuit 4 searches for the phase compensation vector for carrying 
out phase compensation of the continuous information symbol train (it being called an 
information symbol block below). If the average phase rotation vector before the information 
symbol block to interpolate is set to (Riold+jRq old) and the average phase rotation vector in 
back is set to (Ri new+jRqnew) when interpolating by the 0th [ an average of ] interpolation, a 
phase compensation vector (Si+jSq) will be searched for by the degree type. 
[0026] 

[Equation 7] 2Sq = [ Si = (Ri old+Ri new) / ] (Rq o!d+Rq new)/2 [0027] The phase compensation 
vector searched for in the interpolation circuit 4 is inputted into the second conjugation complex 
multiplier 6, and phase compensation is carried out by carrying out conjugation complex 
multiplication of each information symbol within the information symbol block memorized by 
memory 5. If the vector of the I— th information symbol is made into (Iil+jlql) among the 
information symbol blocks memorized by memory 5, the vector (Eil+jEql) of the I— th information 
symbol after phase compensation will be searched for by the degree type. 
[0028] 

[Equation 8] Eil=Iil-Si+Iql-SqEql=Iql-SHil-Sq [0029] The above is conventionally the same as a 
circuit, since it does not normalize the above-mentioned phase compensation vector here — an 
information symbol — phase compensation, simultaneously the amplitude — the mean amplitude 
twice of a pilot symbol block — it is carried out. That is, weighting is carried out with the mean 
amplitude of a pilot symbol block. Therefore, the maximum ratio composition can be performed 
only by adding the vector by which phase compensation was carried out by all the multi-pass 
waves in 1 symbol with the adder 20. In the I— th information symbol, if the vector after the phase 
compensation of m pass eye is set to (Dilm+jDqlm), the vector (Mil+jMql) of the I— th maximum- 
ratio-compounded information symbol will be searched for by the degree type. 
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[0030] 
[Equation 9] 

Mii= SDii„ 

n-l 

n 

Mql = 2 D,|» 

m- 1 

n is numbers of passes to compound here. 

[0031] Thus, also in the configuration of the maximum ratio composition circuit of this invention, 
while carrying out phase compensation of the effective multi-pass wave for every pass, inducing 
the diversity effectiveness by carrying out weighting and compounding with the mean amplitude 
of the pilot symbol block in each multi-pass wave and controlling fluctuation of the receiving 
power by phasing, SNR is improvable. 

[0032] The measurement item is shown for the observation data based on the maximum ratio 
composition circuit of this invention in Table 1 at drawing 2 . It turns out that bigger diversity 
gain is acquired for the maximum ratio composition circuit by this invention compared with gain 
composite systems, such as a selection composite system. 
[0033] 
[Table 1] 

M m it 7G 





QPSK 


TvfU- b 


8. 192 Heps 


eat"- b 


64 ksps 




128 




0, 10, 20. 30 i* 




4^<U7 bisl'tfJl' 


bis >#;^D y *#AEJffl 


625 f# 




V-7x-^>/ 5Hz 




4'*X 



[0034] 

[Effect of the Invention] Since the normalization multiplier calculation circuit 7 in the maximum 
ratio composition circuit, the first multiplier 8, the conventional multiplier calculation circuit 9 
with a pile, and the second conventional multiplier 10 are reduced by carrying out this invention 
as explained above, when a circuit scale becomes small and the amount of operations becomes 
less, practical effectiveness — low-power-ization can be attained — is large. 
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[0016] 

mm.b^mimtf&mzfzwz , jiog*«ast^5 

[0017] ^IfcBflcDgWt^ ±IE^*^Pnm*^»^ 
[0018] 

[ ISM & ififc-t 4 Jt 46 ] *S|BHO -?)V^s *X Oft 

StiT l^xn -y hftcDmm>->tffl/7v -y i7 tKflW- 
S^^E U fc , 3*fi«T«S^S^°^ a -y h =/Vtf)Vt 
WfoWH a -y h is>i£}V%: l g$a94 5 y^'tc^rio 

xcr -y h<7)^4 n -y hyy^7n «t9<?»M n'/fy 
y^Pfc HfflS^°-f n >y h v'VsJf^^lftllK-CfefiS*!^ 

y\M n -y h ssyiMvk zimMmmM-Lx^m^ a >y 
^^coimmm.m^^Lx^mtiLmMm^ h^zm 
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mcomam 2 eoaaB^jKicoaiSj ^mwm.^x-^m- 

[0019] 

milziKf, gitfc^t, UdyMo-y h^-yjtOkttfc; 

i: fiHIW«>f o -y h ^v^iV^m? 4 5 V^(c-& 
*r£T3lfiW&. 2(±|g-0«**S:^T"ft- 5 T, 
L,fc^>f a -y J- isVi£)Vt>M a >y h ^y^^ESS 

[00 20] 3 ti^-ftMT'ifc -)"C, ^D7hyy 

^Lx^wmmm,^? v )v*i$.#>& . 4 «»i0!& 

^t'Jtft^, ©fflfflflt" £ ffifS^ y JfOP 7"o . y ? £ 

[0021] 6(±^-o»^»;#it'S>ot. Mmum 
^7"n -y ? ftcw&m&i'>#>i't *&®mmm 

MfflCIt. 2 0(±jnff^T-S>-oT. i^y#/n*i 

r, = a/N) • 5: 



[002 2] 

[ftMBl *«!8<^fcfelfc^jailI»<^ffl*Hl £fflWC 

hc?o#.— <tv^ n-y byy-fVl/t L<{i3aMLfc>Mn 
•y NS/ytf/l^iJ aXF^M'n>y Vis>tf)V~7x2v7hn 

-<^taa«a»» 2 t a* s ti * . £ t * . sins 
;\m o v h i/>#)V7n >y7t>mmmx*£j&-zti?zmt 

T , £»**SI*»2 n -y h vlft 

[0023] ftS1t**mt-=t 9 . >M a -y h y>KlV 
y'u 7?f*K7)*aM n >y h ^y^l-c^fifflHItem^^ 

^i? W^'Sc^tl-?) . ^^-f n -y h >y ^ 

<7Dk#@^^ O-y Vi/ytfjUCO^? ( P ik + j 

P qk ) tL, iMfiWrtfeitS^M n-y b^ytf'/l^'n -y 
?fi»kfl^AMny hv-y^cT)^.^ (u ik 

+ ju, k ) t-t&t. smoMmtin? hfr (Rik+J 

R qk ) (A. &3STll<#> ^tLl. 8 
[0024] 
[»6] 



R, = <1/N) • S CU, k • P ik -U ik • P qk ) 

k-l 



lit, N(i:yN°-Y u>y 7 ^I^JCO^M a>y 

[0025] <>c(c. winiss4«i. aaiLfcfiHii^^ 

( OTfflfg^ y^ro -y ^ f: d?^ ) ^fifflflHI-r 
%14ffl0«K^^ h/W£ (Rioid +JR q old ) tL. 

mzTco^&ummm^fhfr* (Ri new +j r 

[00 26] 

[f*7] Si = (Ri old +Ri new ) /2 
S q = ( R g old +R q new ) / 2 

[00 27] *MH»4T*»fcfiHffllMI^^ h/Ki. 
SEZ<0SflMMBRJHI 6 1 A73 ^ ft. ^ ^ 'J 5 £Ett3 



tEttSfifctl fg^V iJO^n -y ^cort. 1 #ScO'ff ft 
i^tf/u^? (Iii + j l,i) fc-^St, fiffi 
flffltftfctitti i #ScoW#^y^;^<^ V)V (E n 
+ j E 9l ) 14, <5^f^^nSo 
[0 0 28] 

[»8] E n = 1^ ■ Si + I ql ■ S q 

Eql = I ,1 ■ Si — I il • S q 

[0029] vxH-smmw&t m tT$>&« ± 
ittimmm^? bM±jm^tix\^\^x\ mm 
is>#M£immmt mmiz. mm&ju n >y b^y^ 

^ 7'"n -y y- OT^illUfS S tiX V ^4 . HPfe , >U U -y h 

y y ^;t^7" o >y ? ^lySBTS^fttt S ixT v \& . « 
Jllff§52 Ofl v-y^';H*IO^:T<0v;^^iS 
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MIL. &~?>v^^mzM-yz>>M D>yb i^y^vwr 
[003 2] H2K*lfiWc^fcWt^lSlilBK:J:*IIM 

[0033] 
[151 ] 



I £ IS 7E 





QPSK 




8. 192 Mcps 




64 ksps 




128 




0, 10, 20, 30 ^ 


/•?>T o 7 b >^:;U^n -y ? 


4'^-f a-y 




625 jus 




P-T x-^^r 5Hz 




4'*X 



tefflfflHlf&CK^ WP£ (D ilB +jD qlm ) fc^S 

(M n + jM ql ) I±. Jje*"C*ft6*l*. 

[00 30] 

[1*9] 

Mu- i: d 1 1» 



[00 34] 



[mn ^mncommmz^yn -y ? m-c$>& . 

[ El 2 ] *f£BBO|gJjfiM= =t & Ilf- * i . 
[ El 3 ] flawiU^n •/ ? bit* a . 

[EI4] 71/- i*:7*-"?>y 



1 y\M a -y bisytfJU&titMRi 

2 n i coim.mm%m 

3 T%ftHI» 

7 jE£tttfft*mmci 

8 sioiff^ 

9 £ttffiR*£@eft 

10 ^2«SSf 

l l Ja»H 
20 JaJS^ 



[04] 



—j 7 R ar? 



fii 



(6) 



[El ] 



1 

L- 




[02] 



Cfd=5Hz,4paih-#-A) 




Eb /No 
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[03] 




